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Abstract of JP2002299741 

PROBLEM TO BE SOLVED: To provide a 
nondestructive deciding method for deciding the 
quality as to whether the cleavage quality of a GaN 
wafer is good without having to actually cleave it. 
SOLUTION: The photoelastic effect of the GaN 
wafer is measured so that its cleavage quality is 
decided to be proper, when its distortional value C 
(&sigma 1 -&sigma 2 ) is not larger than 5* 10<-5> 
and is decided as being to be faulty, when its 
distortional value exceeds 5* 10<-5> . 
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[»#« 1 1 G a N*B*X«©^iiifc^fe*Sr*>T 

-c©**^ 5 x i o" 6 uTx*hti\mm&&&& 

T'fcSifUSU 5xio" 6 fc«;SblitfiSIJI!tt#*ft 
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[0 00 1] 

[*w©m-*StHf^ip] z<D&w\tmktf» vj± (g 

a N ; gallium nitride) WStflMWf&k Wk.11 V 0 
A (GaN) &mcmi-%o G a NttBf felft? 
(Mfl / -f LD S KLED) ©TOi; 

L--CWfflT*fcS„ Wfe3tSr«^©/<^ K^f-T" 
io-C^^-frSfcfi/O- K=¥* -y^cojE^^^S 
T*&S 0 l£/<VK*t?^lfi Lttl'^kift (Z 20 

n S e ; zinc selenide) tGa NSrffiV^fcWfe^)t* 

^tfUJflflsSfi-O**. ^i*ixt>»*^'f^— K (le 

d) to^-cttaisw^TO)$Lr*J5iiffl»t#$nrv^ 

So LDirLTfi, ZnSel^fiUfcO, GaN 
^ © L D fc «HCgtv^ T V ^ S £ I ^ mttT'fc 6 o 
[0 0 0 2] G a NSfccO^ftSH^ GaNjf£S#<i: 
LA l G a Njf-^G a I n N©SteJI&i$*>, Wfe^W 
iiifetf>3gft£1-S 0 &f|<7)G a N3£S*«l!lJgfflJi-CS>5 
<DX\ •y-7 7 4-Y&fc<D±.l l Z.G a N, Ga InN^O 
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#6S§* L»jg $ flX *S 9 H« t> h S o 

[0004] i*te>f±f-7rW-lrSIKds#V' k fc**©* 
T-TfcSo iSfc^iMcHM^fc-S^, f-^r-f-irXKG 40 
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7 7 -tr Ji^W-e t &v ^<dx¥4 y v vudux^- v 

ftMTZo ^<Z)S*T*f:i*EttffiSrC&S. GaNl© 
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[0 0 0 6] ®M. Hansen, P. Fini, L. Zhao, A. C. A 
bare, L. A. Coldren, J. S. Speck, S. P. DenBaars, "Impr 
oved characteristics of InGaN multiple-quantum-wel 
1 laser diodes grown on laterally epitaxial.ly over 
grown GaN on sapphire", Appl. Phys. Lett, vol.76, 
No. 5, p529(2000) 
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«©±KGa Nfcjp^ft^-ttfc^ UTt>f"7r4'-\'S 

«5:i!5l<Ct^#/ < e^bGaNiftlCt5^i: 
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^ L -CJnii £ ttfcfflg© = T t & 

f&tZ> a Sfi9 0lT'GaC I tNHs ©R/S^S-o 
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3t^5-i^ftv\ i 1^5 #]/£#*>*. 

[0 0 3 2] (4) #¥ft 
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±S31$-fr5 t> © T* fe 5 „ JSCfrtf*® 

[0 0 3 3] 
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*«E2©Ql*[6l (4 5S) T\ Hbt^tt^A*!^ (0 
«) -CfeSfct, » 2©*/ 4 

®9nffl3tsr i o o%mm-r%zt\ct£z, 0 

[00 5 2] tZ^mm^it. W,2<DX/ 4WlQ2<D 
JlMttttia 2^431^X0 2 iDjjfa (1 3 51) fc^T 

£ 1 0 0%JSW1-5i *lcfc<5 0 
[0 0 5 3] Hfijti^ofc^Dt^iO^iaS^ 

I ' (P1A) = I o 2 

[0 0 6 0] fcfc^ttAstfPfcSFffOBSFtt, ^3fe?-W$fe^ 

T (P || A) = I 0 2 c o s 2 

[0 0 6 2] 
[ftl] 

(PJL4)+/ 2 (/>|W 



s i n 



sin — = — 
2 / 
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0>#S\ Q 2 +&yt?<Dft¥%te£® 9 RffiBfcfc 1 0 0 

[0 0 5 4] L^L^WIIff$^ftoi:-e5 Tii& 
l^<£ 5t-*5o Q 1*[b]C0 s in (kx-wt) iQ2 
^•[6]C0cos (k x-co t) ©FB^tCfitg^S 
S. Q l*f6]{CS/2, Q2#|6]fcfltfl-«/2;6*5-*. 
10 kftfcir-f QU Q s i n (k 

x - co t + 5 / 2 ) , cos (kx-cot-6/2) t 

tttl36Sr-^*.«©Tf3&lll5n«3tfc, -gflfedl 5 RtBfc 

[0 0 5 5] Ql ; s i n (k x-co t + 5/2) = 
cos (5/2) sin (kx — cot) + sin (5/ 
2) cos (kx — cot) 

[0056| Q2 ; cos ( k x - co t - 5 / 2 ) = c 
os (5/2) cos (kx — cot)+sin (5/ 
20 2)sin(kx-cot) 

[0 0 5 7] bteZo £JitttW«riffiiLfc3fc0c o s 
(5/2) gP^li^ia 15 R{S3t-C, s i n (5/2) 
ftfrtE® 9 Hmyttz t V ^ X*hZ> a Jg 2 <7) A / 4 1£ 

(DX'foZfrb, sin (5/2) 

T-AOft{rft5ft»f±£#:Scr)s in' (5/2) fc(t 

[0 0 5 8] £#<D%m&t)frhtii^k StfXitobtxti: 

30 </\ J ZZX°&yt+A<D±$lli%m2(D£?\CP kUmX'te 
</ HHE£*-CP£ 5RTt-f5. "T5 b%2 <DX/4m 
Q2 0iiJE*l*»blft*^-ttA (P£t?U^) ^1506 

*T»tS:ii1-J:5fc4«o £0 «3 3ttt£ft3tei:<© c o s 2 
(6/2) -Cifc<5. o*0fc3te*ttA#Pteitfc©l$ 

[0 0 5 9] 

(6/2) (£0 <9 Rffilft) 
40* }ctH33fc*fi 

[0 0 6 1 ] 

(5/2) (£0 <9 RfifBt) 

[0 0 6 3] £*»&8S*^A&P£itX$-t»:fci#©3 
i§%Mt, WfrfcLltkZ (DmM^M^m^V, Z<Dit 

[0064] 5 = 2 tc t C (ffi 
[0 0 6 5] frb, MWe (a . 
[0 0 6 6] 
[§t2] 

50 
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2m 



sin 
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[o o 6 7] teio-ctHWS 5. t,if*r4 

"CfcSo 

[0 0 6 8] L^L^o^Pp^Jl^fcSo &i£<Dj;5tc 

fci: (a i -a 2 ) <D&ttim-±t>frt>fo\ LfrL^iX 
«M b£ £ & i T'fc S» $ffifi GaNfctftSot 
^ S (7) f£ Ufi&T t> m&X'h S /4> b C ItfcWttz t^th 
ftSo t&tt*<Dm,nXh (a i -02) (Dti^jl^* 
ft S Z t &X% S e C ft t>frt> t£ t V ^ 9 HlJSfifl? $rT* 
tSo 

[0 0 6 9] t> 9-ocoF^2±#<£>;£fa-t*fcSo 

®fft) "C^bS, (a. -a 2 ) £^5©,i, Q 1 3ffi\<D 
It-tlax tQ2jffa<Dfcjjo 2 <DmftZ. 0 tl t ^ 5 - t 

\ci-gt£\,\ (a, -02) lilem^S-Cttftv^ 

[0 0 7 0] tfblSfH^W^IAO^^^^^oT^ 
9, ^ft^x, y*[S]yct1- S<t> a, „ a y *S#«E 
U xB£^Lfcy?j|S]<£>99»TJJ r „ , yffiSr^L/c 

v^<D»i!5»f^0©^t tT^a^ti^o x$Ai:«i>£ 

_ . 2 2 

|0071| ci =a, cos <J> + a y s i n $ 

2 2 
it 2 = a 1 sin $ + a r cos (|> 

r = (01—02) sin0cos(f> 

[0 0 7 2] CioT^ifeWo oS<9ffi +02 = 

a, +<T2 (±[U^^ftT*fc€)^ s ai -ff 2 (iHK^ 

[0073] ^mmx<Dmmti t <Dmb^ft^m^<DW 

-S-frfSJ: oic-fftiiX^whZ. 9cft<n£?\^ g 

a Nff Pffili {1-100} T*fc<9, CltUiMB^ 

liftBl-E^T-fcSo SfPUB (MB) ©^iSHi?^© 

S *» §IMB£>?7ft d»5 „ 

[0 0 7 4] ±.(D5£,frb r fcS^-r^XDtiU <l>=4 5 
&<»t%XhZ> a ^©i:tt = (a. -a 2 ) /2ffc 
S„ t^*^B©5y»f^yc:t^5r«h}c-rtt«, (a, 
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i 2 (p±a) 



50 



-a 2 ) ©SP 5 ^^^p^E©[Uia§ : ^$-tt5(Dfci:^ 

[0 0 7 5] t^5rtfi^^©ittQl, Q2£§| 
PjIB (MB ; { 1 - 1 0 0} ) \CttLX4 5^©«^ 

ii^PioM^SrSiB (ME; {1-100}) 

[0 0 7 6] ^LX^WMitmmc^-oX, GaNff^ 
t = 1 5 0 /zmCDirf id, (a 1 -a 2 ) CDHIi^ 

5xio" X'fo?>Zt%$]iibX&ltiLtz 0 . 
[0077] C (ai -02) ^5X10" S 
[0 0 7 8] t£h, t<DG a NS«ti5tP?rH4ft}Xfc&p D o 

fcir^-TSo 

[0079] C (a i -02) >5X10" 5 

-ts 0 

[0 0 8 0] 

immm] immmi b&^m&i oomn/h« 

T) ] HVPEftiaoTGaNl«5-{tSLfc 0 HV 

P E^filti-^TciJ; 51-0 1 fo^-r^gtcioXG a 
NSr^fi$-ti:St>©XfcSo mWfi^JRGa^ir, * 
mT'^LfciS-fbTK* (HC1) TkmXftMLtz 
TV^-T (NH 3 ) ^f^T*feS„ SSliG a A s (1 
11) Ga&mX'h'O, Ky h^co^Sr^icffig t/c 

[0 0 8 1 ] /<->7 7SfiGa A siGa N»^^S 
Z>tL$><DhV)Xh<0 5 0(im~l 0 0/zm© 

fcirJagSriifTGaN^t^ftSr^Po ^Oflfw^t" 
^©iiSwtt, 100mn/h«K'&5 o it°M 
glWff^fiO. 5raraKitt5„ t>*>5^^&#lt 

%km<mm-fz>zttfx%?> 0 £*t-g a AsW^fTa 

[0082] ^^^^/^^ig^rfiLt-<^L, 

-r s © f ± g ^ m% i. 0 {- -r § ^ ^ x* fe s „ 

[0 0 8 3] -Y^=^y K7)^^]i9^o}t^3i^NfiTX* 
y Ki^if 5. r. ixfi5 0 0 n mtS©fV^i^ 
T-feS„ ^tvSr^i/t 0 ^^, iy^>^L"CJni3EK>l 

^ 7-^^^^^iMWCGa N*L»t*»b4*. Z<D±.\CG 
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a I nNS^Ga NJlfrfflJl LfcfcCO;^ fc^ 3r 

*>ft 9cD#^fc-5„ r'U Xs t —%—X^¥#*i' J r 
/H^^coiiC^/^ ijjf, ^-yf-^fti? 

tofei: ^^/M73Sa$rSfabT»<1-5 0 .Lcoifcoj? 

##1 5 0/xmT*fc<5 o 
[0 0 8 4] aftVfr#f$ML^^L/<y*-— 5>fc8t?l 
HifX LD V LED£ LfcttOttJIMt^iV^ L*»L 

VXx y—mt-f -5„ ^T*f3ft#IJ?^ s l 5 0 /zmco 

[0 0 8 5] O^rcOftKfta&lCfc^Tfc 1 5 0/z m 
S-CUKWfcflPIL-CVS. iOGaN?x/>|4ftfi(J 
* LTffig Lfcfcttco h<»Xtb t) „ ^ 3r v--^?^ 

DkcOT'fiftl^^ t°m\i±nft\H.G a NlffeS 

[0 0 8 6] UBW»ttfto«t 5fc-f5o ^JR^^ti 

otSS©g|S*|Bl (1-10 0) {C&Srtttt, 

TSWiBSrSlSfiaiiRLfco El 5 #§fMffico®®iE¥* 
[0 0 8 7] $ &tc-tof¥Hffilc*i^T-j£WPi-c, % 30 

T'&5 0 fJWBOlfttl 5 0ymT*fe5^ft^(6]}Cf± 

m) xhh 0 MmtytwmmckzmxhZo 
*&w&Mmki-z>5 x i o" 6 ro^T*fc5 0 

[oo8 8] <b*>5A/H{ii:fi, iii^G a n^^co 

iP^Cio-C^Sfi-f-Cfci. C^T'fll 5 0 //rate 
(t axfilf PjU tt J: 9 it L, < 4 *) Hffitt±a< S T*fc 5 5 . t 

(C100/im~200/i mSSlcNiJ btlS - t Xfrh 

bo -t z> tftn&<Dmm.h s x 1 o" 5 
audita. 

[008 9] 3. 3X10" 5 ~4. 5X10" 6 CO® 

lr\ ft^C0^HT"b4. 5X10" 5 T*fc5„ <t*co{iffi 
T-t>Hffi5 x i o" s co^ifJTf-fe'Si:^? " 50 
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[0090] ^mm^it^mmtct^^x htntm 

Mot0 3 £I^C£Tco£-eSiJ£Lfc 0 ^coaij^tcj; 

Rat**., mmztRa h&<tezk\^mm&h 

SiiWoft. g^HWfi {1-100} 3d frits 

JbD X *t fc # co jj fa £5 Ja c, ft a? (3 #J ti ^ g £ o X < 3 

[0091] Rffitotetot$i&J]b&Mm<Dmffi#)&W£ 
fcffiH^ fc -5 £ 1^ 5 i 5 ft ^ £ ifco J: 5 ^alt t * 

frWfcP^&tLfcrittftV^. Sim GaAs¥ 

Sfffl E rt s P^SJc ft 5 co ^ <o v — tf co m& 

ft^ofc 0 4 L-Cff^ft^iiT-fcSG a Nico^TcOW 

5Stftv\ 

[0 0 9 2] GaNlcja^TrtSSStSHEiaaoMJi: 
{srib^colBHtfSfcs t ^ 5 r. t SrJtiS LfccOfi^PJ^ 
AID-C*)*. ^coj; 5ft-tti*^{-i^fr LT*fci^ 

[0093] ^nfcti^i#^Bii-efe5iv>5-t 

g t>cor-fiftV\ '?^/^co^:#:i: LTcoMtif? 

$ ti±&#<D h<Dxmwr^£ t<Dxf£\>\ mm wft rt&s 

^#l^c„ *:ti\z£<>Xl&ikPiU<D&*Jwffi$)KmfeX 

-C^Br^ft^f B 3lfrSiJ^L, ^Bco^BfSLtiirco^a 
SraaibfccoT*fc5 0 

[0 0 9 4] ^EcOft^|6j{Cio^T^TcO^T-tcO 
i5ftiEcoftiico#4^5|^?>ixfc„ rcoj;9ft*P£ 

TCO,^T*Bffi^R a f±l 0 nm£iT-C*»2<fWo 
[0 0 9 5] ffiffl£©j£jttt»oa»*> . ir'coSffi^T* 

a«j^ j: ott^ip <Dxmn tft tmtf ft f>ft 

V\ 0i)x«Rma x & S&£«>&91#*>5 0 ^ttfi 

aSco§^^iir^^9^!*T•fcS„ JiSft¥^co^Sfrffi 
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[00 9 6] Ra £^5©tt,-»ft-f 3Ui£«©i6$0) 

t fifc V \ S fc Wife a> b B5«dsJi i: m 7L z> t ^ 
0 i5 4wit>ftv\ #0BEf±^#:t LTSFffi-e&SU 
»Wffi©ani:^5©ttiaia©aS$iS$i|!fli2i©|RSr^ 
5 5 a > b ¥^^ft^5r^1- 5 R- a asfSPH E©SL 

ma xf±RaO»fSd»6>Sfe+ffifT?*)5ri:aS#V\ B¥& 
StLTfirSrffll>-CV*S*>»c:j9E3SU RmaxtRafc 

[0 0 9 7] ^HEflipsfll 5 0Mm-CiRV^S5$dS*) 
■oTft#*(H](cf±ffifeS^^ , 9, R a 8 nmH>R a 
7nmtHiRa5nmtV^J;5l;flt5. L^L 
i'©{ieX"bR a 1 0 nm^i^i^a^riW 
ofc 0 ififRa^l 0 nm«Tt^5»(iffitLT¥-?f 

© J: 5 &Bfcft -5 £ ^ 5 r. £ fife 5 # g f&%Mtmx*ffi 
[0 0 9 8] B5ttH)tmroGaNtei&©B&§¥BI!Si 

[0 0 9 9] [tt«fif!l O&ftjg^l OO^m/hi 
X.) ] it;K»fc^lJ©GaNS1S^HVPE&(C < toT 

iit&mmfcmmoo ttmm<DG a n^sh* iooh 

m/h«ra*.5^Sii*-e*[jSLfc D -t ttG a A s £p 

[ 0 1 0 0 ] 3i ej£fi!t©J¥*|± 0 . 5raraKltt 
S„ JKD^/^ffg LT 1 5 0 # m©ff £<Dt&MkVx. 

tt»S:tT5. 

[oioi] &m**Ki:ox&WL<D i gmjjm (i-i 

0 0) fcKSSrf+ft^ Z<DmWQoX^XV^^Zmo 

ito gfflxztcvtiifh&fflmma&hitc. w-mtt 
[0102] zbKzommmzio^x-femffix^ % 

m) Xtb% 0 «ttf±3fe#ffifflj£fcJ:5S-?ifeS 0 
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#1891 a* SMS i -fa 5xio" s (DMX'hio 
[0103] S©£#ftfc?£fi, 1 Kit^XXZ 

v\ £©ii bof fi^;#< 3 x i o" 5 *«j©ni:t* 

3 (0. 0 1cm~0. 0 4 c m) a\ 4 X 1 0" 5 fS 
&<DZ.kk&Z>o 0. 6mm©Iifi BT B9ffi5 X 1 0 
" 6 ©H£S;L5. 5X10" 6 \cmLX^Z> 0 0. 3 
7©f4gt"bWlil5 X 1 0" 5 £j£g;t5. 9X10" s 

io [0 10 4] §§IMB©Bfigas*$^©a511«ii?ltlc 

3a>ib, S^I^Jtcfcv-CUHS-croBfeSR a Srilijg 
Lfc 5feic3$^fcJ; 5tcR a £ ^ 5 Bii|fi£tt»8UlJ«fi 

03 i|W|1i{^T©figT*R a ^pJ^bfCo 
R a 3 ££tB§i#*>*», 1C (a, - 

a 2 ) a$*t^iRat>±t<&3±5&*Sl6j#fco 

20 [0105] SC ( a i - a 2 ) ^ 5 X 1 0 " 5 SrMx. 

IfifiR a 11 1 0 0 n m^±|Ct|^:Lt L$ 9 ^ 

io" s w±^*s^<B§fiHE©*ii^?£-c*>5o 

flasfc5 0 *P B ^{ct>B©SUxa*fc3„ 
[0 10 6] Jt|fc#iJ<DG a N&Kfcfcl^Tk, ^aWI 

5xio -6 x<om^tz^mhi>h?>iK mmx<o 

S5^££5&»o:&*£tf 0 ^© <£ 9 &G a Nffig£&ffl 
ULD fcflso »» iSjg< 45. fd'a^b 

[0107] t^o ztmmfah, ytm^^(om 

[0 10 8] gl4(iGa NXffi03fe#tt5a*(-J:-5SC 
(a, - ff2 ) i:, HF^SlfBElroBftSRaWM^Sr* 

|I1I«5X10" S (DMXfoZo ffiWHtR&XhZ>& 

40 §gfflm<»-§:tt[zuc®ox (-^rawtsto 

fc) ±T(7)f4:BT*(D^i: R a 0|liWoTl^^6 
U^<D$i±<Dm. - MLjz<Dm.%.*$-X.Z>U / 7)<D7 i -9Xh 

So 

[0109] w<Dm\%<o]&mx\ r a i i: a? 

^a^„ CtLKlT©SO#^R a ttl 0 nm (lOOt 
V^ho-is) tlT-CfeSL, rtlW±<75S©m^R 
50 alilOOnm ( 1 0 0 0t>^ hP-i,) yilc/i 
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oTL4 5o 

[0 1 10] fc^bGaN^ 
tta*S©**««:ISHl5x 1 0" 5 tJt«LTft5Sr 

[0 111] 

[*!B©»*] &*fiG a NfflR©£Httfc^**lj&* 

D , L D ft t'fV <-f * fcfl* y 7°tC|§P,D L T 10 i?) T 
u— !f3tSra--C-C*#tta*tc J: o-C3l*aii& LMfitt 

^5xio" 5 etTt?fcnfffSffltta#, «±-e**btf 

^T**IJ^1-5 H t 5, Ga NSi©g|tt?:II 

(cffFjB Lft < T i t t) 5 T*# 5 ± 5 (eft 5. 

[0 112] ^^©ftgSr^fcWBrU^a^Tsr^J 

^i:8<, 7thyy^77^ fWSj&ftfcir©!? 20 

[0 113] *fSCJ:otG a NS^CD^tt^^to 
fl]»fi-5*^T*f 3<fc 5KftoT#J«)T, GaNiS© 
il:Ga I nN|©^ffl:i/- »f (LD) Srf^oTg^ 

^MT*#5«tfc5 0 Wto^bff^ttW&lift'?:^ 

"9 |n]±{Cj;-oT|JJfeT, G a N2H£cD L D$\ 30 
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t.C0ift?) o 

[01] GaN*iBfiS:^»l-t-5HVPEife©SJESJPO 
**«:*1-*riEIS. 
[0 2] %#ttffl££V®tElft&7p-ttft/£BI. 
[0 3] HlfiW|'llCd^»5GaNS«B (ASH) £> it 

tttttttMH&B (cm) T*fc5 0 Kt«H4*5W4a*K:± 

5M©{IC (ffi -a 2 ) -C&S. 

5 X 1 0" 5 ©HT?;fc5 0 
[04] GaNStt©Jt#14^*»C±5S©fi|C (ai 

7 7. UttttiSffiC (01 -a 2 ) T?*>.«9, MflBft 
gRa (^^Fo-A) T'fcSo O^HIS^J 1 
MGaNSfiBOf-^^ Ad«Jt««IJ 1 \CfrfrZ> G 

[0 5] HJ60i|l CWGa N&KB«D§tMffi©=¥ 

BMRa|tl0nm«Tt*fe5o 
[0 6] Jt^J 1 fC^SG a NlffiAO#|ffi©? 
X 0 BigRalil0 0nmy±ffe?i o 
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